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Objective: Ninety-nine patients undergoing elective coronary artery bypass 
grafting were enrolled in a prospective, randomized study to evaluate the 
incidence of cerebral dysfunction after "mild" or "moderate" hypothermia 
during cardiopulmonary bypass. Methods: Patients were evaluated before 
and after operation before hospital discharge and in some cases at 
follow-up at least 6 weeks later with a complete neurologic examination (85 
patients) and a battery of standard neuropsychometric tests (86 patients). 
Results: Postoperative changes detected by neurologic examination con- 
sisted of the appearance of new primitive reflexes in both groups. No 
statistically significant differences in incidence were found. The neuropsy- 
chometric performances of the two groups were statistically similar by 
either event-rate or group-rate analysis. Conclusions: There is no detectable 
difference in postoperative cerebral dysfunction in patients undergoing 
coronary artery bypass grafting who are supported by cardiopulmonary 
bypass with either mild or moderate hypothermia. (J Thorac Cardiovasc 
Surg 1997;114:270-7) 
N eurologic injury develops in a significant per- 
centage of patients who undergo a cardiac op- 
eration with the use of cardiopulmonary bypass 
(CPB).I, 2 In early reports, the manifestation of this 
injury was seen as stroke 3 or postcardiotomy deliri- 
um, 4 but now more subtle injuries occur, which 
require a battery of neuropsychometric tests to 
recognize. 1 Although the cause of neurologic injury 
has not been definitively established, emboli proba- 
bly play a significant role in its production. In this 
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regard, improvements in CPB techniques have de- 
creased the load of particulate material generated 
and thereby the more devastating manifestations of
this injury. 5 Hypothermia has been the cerebral 
protective therapy most commonly used. Until rel- 
atively recently, hypothermia was maintained at 
"moderate" temperatures (28 ° C). However, many 
cardiothoracic surgeons are now inclined to perform 
cardiac operations with "mild" hypothermia (34 ° C). 
Although one large study demonstrated an increase 
in stroke rate when CPB was maintained at "nor- 
mothermia, ''6 there is some evidence that patients 
operated on with CPB maintained at mild hypother- 
mia have no greater incidence of cerebral injury 
than those in which CPB was done at colder tem- 
peratures. 7 
Because hypothermia is one of the most effective 
measures to protect the brain, it is important o 
demonstrate that there is no increase in cerebral 
dysfunction under mild hypothermic conditions. 
The one study in which the investigators looked at 
the effect of mild versus moderate hypothermia 
during CPB primarily evaluated groups of patients 
by group-rate analysis and did not specifically sub- 
stratify patients as a function of age to be certain 
that equal percentages of elderly patients were in 
each group7 In the current investigation we com- 
pared the incidence of cerebral dysfunction in pa- 
tients stratified by age into two groups, young and 
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elderly, and maintained with moderate (28 ° C; 
group A) or mild (34 ° C; group B) hypothermia 
during CPB. The resultsare analyzed both by event- 
rate analysis, in which each patient's postoperative 
performance is compared with his or her own pre- 
operative performance for the individual tests as a 
whole, and by group-rate analysis, in which group 
means and variances for each test are compared 
before and after the operation. 
Methods 
Ninety-nine consecutive patients undergoing elective 
coronary artery bypass grafting (CABG) were recruited to 
participate in this study approved by the institutional 
review board. All patients with evidence of preexisting 
neurologic or psychiatric illness were excluded. After 
informed written consent was obtained, patients were 
assessed before operation with the use of both neurologic 
and neuropsychometric tests. All patients were allocated 
into group A (28 ° C) or group B (34 ° C) by randomization 
within two strata of patient age: young (<65 years) and 
elderly (->65 years). The treatment allocation assigned by 
randomization was revealed to the surgical staff after the 
induction of anesthesia nd before the start of the oper- 
ation. Neurologic and neuropsyehometric tests were re- 
peated about 6 days after the operation (early tests). 
When patients returned for a follow-up visit with the 
cardiothoracic surgeon 6 to 9 weeks after hospital dis- 
charge, the neuropsychometric test battery was repeated 
(late tests). All examinations were performed 3 or more 
hours after any analgesic or sedative medication was 
administered. 
Anesthesia. All patients were premedicated with oral 
diazepam (0.1 to 0.15 mg/kg), intramuscular morphine 
(0.1 mg/kg), and intramuscular scopolamine (0.3 mg). 
General anesthesia was induced with fentanyl, midazolam, 
and vecuronium and maintained with fentanyl and mida- 
zolam (average total doses [standard eviation[ 63.8 [18.7] 
I*g/kg and 0.19 [0.09] mg/kg, respectively) and isofturane 
(0 to 0.5 exp) as tolerated. All hemodynamic data plus 
temperature were monitored continuously and recorded 
every minute by a PC-based data acquisition system 
(either Lifelog from MI 2, Rosemont, Pa., or LabView 
from National Instruments, Austin, Tex.8). Temperature 
was recorded from the axilla, blood, and nasopharynx in
all patients. The target temperature during CPB was 
defined as the nasopharyngeal temperature. 
Operations and CPB. All operations were performed 
by one of three surgeons. The operation consisted of 
CABG procedures only with no patients having reopera- 
tion. Exposure was by a median sternotomy. Anticoagu- 
lation was achieved with heparin (300 units/kg) and 
supplemented with additional doses to maintain an acti- 
vated clotting time more than 400 seconds (Hemochron 
8000, International Technidyne Co., Edison, N.J.). The 
CPB system consisted of a centrifugal arterial pump 
(Medtronic Bio-Medicus, Eden Prairie, Minn.), a hollow- 
fiber membrane oxygenator (Baxter Univox, Irvine, 
Calif.), a Sarns TCM (temperature control mechanism) 
heater-cooler, and a 40 tzm arterial ine filter (Pall Bio- 
medical Products, Glen Cove, N.Y.). No active methods 
of temperature control were used before CPB, although 
many patients spontaneously cooled to close to 34 ° C. 
Specifically, ice packs to the head were not used. During 
CPB, nonpulsatile flow rates of 2.4 L/min per square 
meter and alpha-stat management of pH were used. In 
some cases, vasoactive medications such as phenylephrine 
or sodium nitroprusside were administered during CPB to 
maintain the mean arterial pressure between 55 and 70 
mm Hg. The coronary arteries were perfused with antero- 
grade and retrograde cold blood cardioplegic solution 
constituted with a blood-to-crystalloid ratio of 4:1. All 
operations were done with a single crossclamp technique 
to avoid additional trauma to the ascending aorta caused 
by use of a partial occluding clamp. The crossclamp was 
applied before the target temperature was attained and 
rewarming began 10 minutes before its removal. The 
heart was evacuated of air by a variety of mechanical 
techniques, the most common being ascending aortic 
venting; however, carbon dioxide was not used to flood the 
operative field. 
Neurologic and neuropsychometric evaluation for cere- 
bral dysfunction. The neurologic examination was a 
structured evaluation that consisted of a quantitative 
mini-mental status component, an evaluation of cranial 
nerves and motor, sensory and cerebellar systems in 
addition to gait, station, deep tendon and primitive re- 
flexes (snout, grasp, palmomental, and glabellar). 9 The 
postoperative n urologic examination was scored as either 
changed or unchanged as compared with results of the 
preoperative examination. 
Nine scores were generated from the quantitative mini- 
mental status test and a battery of four neuropsychometric 
tests, each of which was chosen to evaluate a different 
cognitive domain 1°' 1~: Halstead-Reitan Trails Test Parts 
A and B, 1° right and left index finger tapping test, m 
grooved pegboard test 1° with dominant and nondominant 
hands, and long-term retrieval and consistency of long- 
term retrieval on the Buschke Selective Reminding Test. ~2 
Except for our substitution of the Buschke Selective 
Reminding Test for an equivalent test, the Rey Auditory 
Verbal Learning Test, all of our neuropsychometric tests 
were part of a core neuropsychologic battery recom- 
mended by a consensus group. 13 
Any new neurologic finding was considered of signifi- 
cance. The incidence of new neurologic findings was 
compared between groups with the X 2 test. With event- 
rate comparisons, each patient's overall neuropsychomet- 
ric performance was assessed by comparing preoperative 
and postoperative scores for each test. For an individual 
test result to be considered abnormal there had to be at 
least a 25% decrease in postoperative performance com- 
pared with preoperative r sults. 
Statistical measures. Comparability of groups on base- 
line continuous measures was analyzed by a two-tailed 
Student's t test and baseline categorical variables by X 2 
analysis. The difference in the proportion of patients with 
new nenrologic findings in each group was compared by a 
X 2 test. The group difference in the number of new 
postoperative neuropsychometric test abnormalities in 
each patient was compared by a Mann-Whitney rank sum 
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Table I. Preoperative, intraoperative, and 
postoperative profile 
Group A Group B 
(28 ° C) (34 ° C) 
Age (yr) 64.4 (11.9) 63.5 (10.4) 
Young (yr) 54.5 (6.7) 53.7 (6.7) 
Elderly (yr) 74.2 (6.4) 71.0 (4.9)* 
Gender (male:female) 35:11 46:7 
Height (cm) 162.1 (36.9) 162.0 (42.2) 
Weight (kg) 81.3 (16.6) 84.6 (13.6) 
Education (yr) 14.3 (3.1) 15.3 (7.3) 
Duration of operation (rain) 297.2 (72.8) 267.2 (52.5)* 
Time to extubation (hr) 17.5 (7.7) 16.5 (5.9) 
Bypass time (min) 112.8 (29.5) 105.7 (24.1) 
Crossclamp time (min) 73.0 (27.6) 70.4 (21.5) 
Lowest MAP 53.8 (7.6) 52.3 (7.9) 
Values given as mean with standard deviation i parentheses. MAP, Mean 
arterial pressure. 
*p < 0.05 compared with group A elderly. 
test on zero, only one, only two, only three, or four or 
more abnormal test results. This categorization f deficit 
was used because more than four abnormal test results is 
generally considered indicative of significantly impaired 
neuropsychometric performance.1 Multivariate analysis of 
variance (MANOVA) of the difference scores on the nine 
neuropsychometric tests (preoperative minus early test 
and preoperative minus late test) evaluated the effects of 
CPB temperature (28 ° C vs 34 ° C) and subject age (<65 
years vs ->65 years old) and the interaction of CPB 
temperature and subject age. The effect of adding internal 
thoracic artery grafts to the surgical procedure was eval- 
uated by MANOVA. Multivariate analyses were done 
with the SAS Proc GLM program (SAS Institute, Cary, 
N.C.). All statistical tests were evaluated with a two-tailed 
type 1 error rate of 5%. 
Before initiation of this study, a sample size of 50 
subjects in each CPB temperature group was calculated as 
required to provide 80% power to detect a25% difference 
in postoperative individual neuropsychometric perfor- 
mance caused by CPB temperature by an analysis of 
variance with a 5% rejection criterion. 
Results 
The two groups, A (28 ° C) and B (34 ° C), con- 
sisted of 46 and 53 patients, respectively. The groups 
were statistically comparable for demographic and 
anesthetic variables (Table I). Group B had a sta- 
tistically shorter duration of operation (Table I). 
Each age subgroup was statistically comparable be- 
tween groups (64.4 _+ 11.9 and 63.5 _+ 10.4 years), 
except that the elderly were younger in group B 
(74.2 __ 6.4 years in group A vs 71.0 + 4.9 years in 
group B) (Table I). 
Patients were evaluated before and after opera- 
tion before hospital discharge (early test) with use of 
a complete neurologic examination (85 patients) 
Table II. Changes in neurologic examination 
Group A (14/40 patients = 35.0%) 





Decreased left arm strength 
Group B (12/45 patients = 26.7%) 





Decreased stereognosis and graphesthesia 
Left hand weakness 
Right inferotemporal visual field hemianopia 
and a battery of standard neuropsychometric tests 
(86 patients) and at surgical follow-up (late test) 
with neuropsychometric tests (26 patients). Approx- 
imately one third of the patients were unavailable 
for late examination because they did not return to 
the surgeon for follow-up inasmuch as they lived 
more than 50 miles from the hospital and therefore 
were seen by their local cardiologists. The total 
number of patients is greater than the number of 
patients having neurologic and neuropsychometric 
evaluations because some patients missed one eval- 
uation but not the other. The early and late fol- 
low-up examinations were performed at statistically 
comparable postoperative days for groups A and B 
(6.7 vs 5.7 days, p = 0.06; 44.7 vs 42.9 days, p = 0.50, 
respectively). 
Eighty-eight percent of the patients had neuro- 
logic examinations both before the operation and in 
the early follow-up period (Table II). Subtle deficits 
were detected by neurologic examination i  35.0% 
(14/40) of group A patients and in 26.7% (12/45) of 
group B patients in this period (p = 0.41). However, 
there were no significant differences in postopera- 
tive neurologic performances between pooled re- 
sults for groups A or B (p = 0.55, X z test) or for the 
groups substratified by age (young, p = 0.75; elderly, 
p -- 0.33). The neurologic findings consisted of the 
presence of palmomental, grasp, snout, and Hoff- 
man reflexes that had not existed before operation. 
In addition, one patient in group A had arm weak- 
ness that developed after the operation, one patient 
in group B had hand weakness, two patients had 
problems with graphesthesia and stereognosis, and 
one patient developed a visual field hemianopsia. 
The number of patients with new neurologic find- 
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Table III. Abnormal neuropsychometric test results 
Percent with abnormal results 
No. of abnormal 
test results Group A Group B 
Early follow-up* n = 46 n = 53 
Zero 19.57 28.30 
Only one 19.57 24.53 
Only two 32.62 28.30 
Only three 17.39 7.55 
Four or more 10.87 11.32 
Late follow-upt n = 13 n - 13 
Zero 38.46 30.77 
Only one 46.15 30.77 
Only two 15.38 30.77 
Only three 0.00 0.00 
Four or more 0.00 7.69 
*p = 0.297 by Mann-Whitney rank sum test. 
"~p - 0.330 by Mann-Whitney rank sum test. 
ings was equally distributed between the two age 
groups. 
There was no statistically significant decline in the 
number of abnormal neuropsychometric test results 
in comparing groups A and B in the early or late 
follow-up periods (Mann-Whitney rank sum test, 
p = 0.30 for early and p = 0.33 for late follow-up) 
(Tables III and IV, Fig. 1). Likewise, there were no 
significant differences in postoperative neuropsy- 
chometric performance for the groups substratified 
by age in the early follow-up period (Mann-Whitney 
rank sum test: young, p = 0.22; elderly, p = 0.56). 
Test results improved significantly between early 
and late follow-up examinations (Table III, Fig. 1). 
No comparisons of preoperative to early or late 
neuropsychometric test score means attained statis- 
tical significance by temperature, age, or tempera- 
ture-age interactions (Table IV, Fig. 2). 
The consistency of the neuropsychometric tests 
was as follows. No patient with three or more 
abnormal test results at early follow-up had any 
abnormal test results in new cognitive domains at 
late follow-up. However, 2 of 10 patients with one or 
two abnormal test results and 7 of 14 patients with 
no abnormal test results at early follow-up had 
abnormal test results in one new cognitive domain at 
late follow-up. 
Discussion 
Mild and moderate cerebral hypothermia have 
been demonstrated to provide cerebral protection 
when evaluated by group-rate analysis. 7 However, 
comparing patients by group-rate analysis may fail 
Table IV. Neuropsychologic test scores 
Group A Group B 
Preoperative 
Mini-mental status 52.6 (3.7) 52.9 (2.9) 
Trails A 42.8 (17.7) 39.2 (14.6) 
Trails B 101.9 (55.3) 92.8 (54.4) 
Repetitive tapping: dora. 50.3 (11.2) 51.4 (9.4) 
Repetitive tapping: nondom. 46.9 (8.5) 46.0 (10.0) 
Buschke: LTR 91.9 (24.6) 96.0 (31.2) 
Buschke: CLTR 52.8 (26.9) 57.0 (29.9) 
Grooved pegboard: dom. 120.8 (35.3) 122.4 (26.7) 
Grooved pegboard: nondom. 141.8 (47.7) 130.1 (24.4) 
Early follow-up 
Mini-mental status 52.2 (4.2) 53.2 (2.7) 
Trails A 42.8 (19.9) 37.9 (14.6) 
Trails B 111.7 (66.4) 110.5 (69.7) 
Repetitive tapping: dom. 49.1 (7.8) 48.5 (11.1) 
Repetitive tapping: nondom. 44.7 (6.8) 45.1 (9.9) 
Buschke: LTR 70.6 (23.5) 74.5 (25.5) 
Buschke: CLTR 38.9 (20.5) 42.8 (23.8) 
Grooved pegboard: dora. 130.8 (43.3) 127.1 (31.5) 
Grooved pegboard: nondom. 158.9 (74.9) 140.2 (40.2) 
Late follow-up 
Mini-mental status 54.3 (3.0) 52.7 (4.0) 
Trails A 33.5 (10.6) 36.6 (14.6) 
Trails B 90.1 (55.7) 74.6 (52.2) 
Repetitive tapping: dora. 56.4 (5.7) 54.5 (10.0) 
Repetitive tapping: nondom. 48.6 (6.1) 46.4 (8.4) 
Buschke: LTR 79.8 (30.5) 76.7 (35.3) 
Buschke: CLTR 53.5 (28.1) 46.4 (32.1) 
Grooved pegboard: dora. 110.3 (24.6) 104.4 (16.7) 
Grooved pegboard: nondom. 117.2 (28.3) 109.6 (14.7) 
Values given as mean with standard deviation in 
Dominant hand; nondom., nondominant had; LTR, 
CLTR, consistency of long-term retrieval. 
parentheses, dom., 
long-term retrieval; 
to demonstrate that some patients have a decrease 
in performance whereas others improve. For this 
reason, we evaluated patient performance by both 
group-rate and event-rate analysis. In addition, we 
subdivided the patients into two age groups, because 
age is an important confounding variable, i4-16 El- 
derly patients have been shown to demonstrate 
more changes on neuropsychometric tests after car- 
diac operations. 14' 15 Our groups had equal numbers 
of patients younger than age 65 years and age 65 or 
older. 
The criteria chosen to define abnormality can 
affect the reported incidence of cerebral dysfunc- 
tion. i7 The neurologic examination result was de- 
fined as abnormal if there were any new findings on 
follow-up examination. This definition was chosen 
instead of a scored evaluation, because scored ex- 
aminations do not include evaluations of the type of 
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Fig. 1. Histograms of cerebral dysfunction in the early 
and late postoperative p riods for group A (28 ° C) and 
group B (34 ° C) comparing the percentages of patients 
with only one, only two, only three, or four or more 
abnormal neuropsychometric test results. Results of ex- 
aminations done in the early period are given at the top 
and results from the late period are at the bottom. 
subtle changes seen after cardiac operations. Fur- 
thermore, the significance of a change in score does 
not correlate with either the area of cerebral tissue 
damaged or the number of lesions. 9 There is con- 
siderable literature regarding the criteria used to 
score neuropsychometric tests. I7 Our criteria for 
change tended to underestimate the number of 
patients with abnormal findings because by defining 
abnormality as a decrease of 25% or more, the mean 
change was between one and two standard devia- 
tions on most tests that were highly age dependent, 
such as the Reitan Trails Test Parts A and B and the 
Buschke Selective Reminding Test. In addition, a 
percentage change minimizes the problem posed by 
patients who score significantly below the mean on 
the baseline xamination and therefore cannot show 
abnormal results on follow-up examinations, if a 
decrease by one standard eviation or more is used 
as a criterion. In fact, Mahanna and associates 17
found this to be a problem in more than a third of 
their cases. 
Many investigators in this area use the number of 
abnormal individual test scores as a measure of 
severity of cerebral dysfunction. Because this mea- 
sure is somewhat arbitrary, we compared our groups 
by the distribution of abnormal test scores. A non- 
parametric measure of differences, such as the 
Mann-Whitney rank sum test, is then used to test 
these distributions. Despite these concerns, our re- 
sults are not significantly different from those of 
others. 1'1s-2° Because our goal was to compare 
findings in patients undergoing CPB done with 
either mild or moderate hypothermia, nd changes 
were most pronounced for the early follow-up pe- 
riod, evaluations for this period were considered 
more important. Therefore all statistical compari- 
sons with the greatest power were performed on the 
basis of this period. 
Generally the performance of patients with one or 
more abnormal neuropsychometric test results at 
early follow-up improved by late follow-up. How- 
ever, 2 of 16 patients had an abnormality develop in 
a new cognitive area, and about half of the patients 
with no abnormal test results at early follow-up had 
an abnormal test result at late follow-up. We cannot 
be certain whether these new abnormal test results 
in different cognitive domains denoted new cerebral 
injury or test result fluctuation by chance. Although 
we were disappointed that we could not include 
more patients for evaluation at late follow-up, no 
studies have shown that significantly more patients 
have abnormalities that develop at these later 
times.l, 2, 18 Therefore we are confident hat impor- 
tant conclusions can be derived from the early 
follow-up period. 
Cerebral injury arises from insufficient global or 
focal cerebral blood flow. Under most circum- 
stances, global cerebral blood flow is adequate to 
meet cerebral metabolic demands with alpha-stat 
blood gas management and is probably in excess of 
these demands with pH-stat blood gas manage- 
ment. 21 On the other hand, there are potentially 
many sources of emboli that can produce focal 
cerebral blood flow insufficiency. There is now evi- 
dence that the number of emboli correlates with the 
frequency of finding cerebral dysfunction, a9 Emboli 
are found to arise at multiple times during cardiac 
operations.i9, 22, 23 One common time is at the initi- 
ation and termination of CPB. ~9' 22 At these times, 
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Fig. 2. Histograms for group A (28 ° C) and group B (34 ° C) comparing neuropsychologic test score 
differences between early and late postoperative periods with the preoperative assessment for each 
neuropsychometric est. Positive numbers reflect improved performance and negative numbers deteriora- 
tion in performance. The nine tests are denoted at the bottom for both graphs. There were no significant 
differences between the two groups. MMS, Quantitative mini-mental status component; Trails A and B, 
Halstead-Reitan Trails Test Parts A and B; Tapping, right and left index finger tapping test; Dora, dominant 
hand; ND, nondominant hand; Buschke, Buschke Selective Reminding Test; LTR, long-term retrieval; 
CLTR, consistency of long-term retrieval; Grooved PB, grooved pegboard test. 
patients are at relatively warm temperatures com- 
pared with the hypothermic temperatures that can 
be and frequently are used during CPB. Therefore 
with newer CPB techniques the importance of hy- 
pothermia during CPB may be less significant han 
the temperature at initiation and termination of 
CPB. 
Whereas cerebral protection from hypothermia 
was thought o result from reduction in the cerebral 
metabolic rate, it is now thought hat reduction of 
excitatory neurotransmitter release from glutamin- 
ergic terminals might play a more significant 
role.24, 25 In fact, even though cerebral metabolism 
is reduced by only a small amount when the brain 
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temperature is reduced by a few degrees (about 
3 ° C), both excitatory neurotransmitter release and 
cerebral injury are attenuated dramaticallyY This 
small decrement of temperature should not be 
confused with "normothermia." A large study with 
patients maintained at either normothermia 
(->35°C) or moderate hypothermia (-<28°C) 
showed a significantly higher rate of stroke (3.1% vs 
1.0%;p -< 0.02) and total neurologic events (4.5% vs 
1.4%; p < 0.005) in the warmer group. 6 These 
results have been confirmed recently by two other 
groups.26, 27 
Our groups were established by randomizing 
patients as to temperature and age. Because the 
main question that we investigated was the effect 
of temperature during CPB, we did not want one 
of the main confounding variables, age, to bias 
one group disproportionately. Indeed, the groups 
were comparable except for the shorter duration 
of operation and slightly younger age of the 
elderly patients in group B (mild hypothermia). 
Although we do not have evidence that this small 
difference in age in the subgroup of patients 65 
years old or older (3.2 years, Table I) is insignif- 
icant in terms of neuropsychometric performance, 
it seems unlikely that it would significantly affect 
performance on these tests. The shorter duration 
of CPB in group B was likely because these 
patients did not require as much rewarming intra- 
operatively (Table I). 
We thank Dr. Alvin Wald for reviewing the manuscript. 
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